To stimulate an economically oriented discussion on mixed forest management, this paper considers economic implications of mixed investments of pure stands of the Norway spruce (Picea abies (L.) Karst.) and the European beech (Fagus sylvatica L.) on a methodological basis. It is well known that the classical economic calculus leads to an overwhelming financial superiority of single species coniferous forest management in Central Europe, especially for growing monocultures of spruce. This explains why, since the early 19 th century, the range of these forest types extends far beyond their natural limits. The change in the natural vegetation cover bore severe environmental problems as it was accompanied by a loss of biodiversity and a severe reduction in the resistance against storm, snow, ice, drought and insect damage of the forest stands. In contrast to this development as early as 1886 the Bavarian silviculturist Karl
Introduction
It is well known that without the intervention of man, Central Europe would be almost completely covered by forests (Ellenberg, 1986, p. 20) . Unlike the potential natural vegetation cover, the actual forest cover consists of mainly coniferous forests. Since the early 19 th century the range of these forest types extends far beyond their natural limits because of economic reasons. According to Spiecker (2003) the change of the natural vegetation cover was accompanied by a loss of biodiversity and a severe reduction of the forest stand's resistance against storm, snow, ice, drought and insect damage . Moreover, the risk involved with forest management is great, due to the uncertainty of future environmental and economic developments. Risk pervades in forest management and decision-makers have to cope with it. Scientists identify the current tree vegetation cover as an environmental problem and conclude that a conversion of pure coniferous forests into more site adapted and therefore rather low-risk mixed forests is greatly relevant from an economic and ecological point of view (von Lüpke and Spellmann, 1997 , Fabian and Menzel 1998 , Lindner 1999 , Spiecker, 2003 . In this situation the old ecological idea "mixed forests" became popular again in Europe (Seitschek, 1991 , Moser, 1995 , Olsthoorn et al., 1999 , Schraml and Volz, 2004 ).
The ecological idea "mixed forests" goes back to the Bavarian silviculturist Karl Gayer (1886).
He claimed a forest condition that was able to deal with the uncertainty of future development and environmental risk (Gayer, 1886, p. 5) . Gayer pointed out that this condition could be provided only by mixed forests. In order to implement and sustain the idea "mixed forests" it is crucial to analyse reasons for the development towards pure coniferous stands instead of mixed forests, despite of Gayer's early and clear recommendation.
Following Emerton (2000) , one could state that Gayer and other promoters of mixed forests could not authentically demonstrate the potential economic and financial benefits of the mixed forest concept. Emerton concluded with regard to biodiversity, "People will continue to degrade and deplete biodiversity in the course of their activities because they feel it is more profitable and economically desirable to do so."
Contrary to this explanation studies in the field of environmental economics showed that there exist other aspects than profitability, like ethics or aesthetics, that influence decision-making.
For example a remarkable willingness to pay for the mere existence of species or scarce ecosystems could be found (for an overview see Hampicke, 1991, p. 128-129) . Furthermore, Manuskriptversion puplished in Forest Ecology and Management 213(2005) , S. 102-116 Balmford et al. (2002) 1 pointed out that mankind benefits largely from wild nature in the form of non market-based services. Applying valuation techniques like hedonic pricing, contingent valuation and alternative cost methods (for a methodological explanation see Bergen et al., 2002 and also Armsworth and Roughgarden, 2001 ) an overall benefit:cost ratio for conserving wild nature of at least 100:1 could be calculated. Also several studies on non-industrial private forest ownership (NIPF) showed that forest owners indeed value non-market services from their forests. For example, Ask and Carlsson (2000) proved that forest owners voluntarily set aside specific forest areas from timber production in Sweden. Kant (1999) pointed out the existence of woodlot owners in Ontario who do value environmental, ecological and recreational aspects of forestry.
Nevertheless, despite the fact that people are willing to pay even for non-market benefits some forest managers adopt the reasoning of Emerton (people will only conserve biodiversity if they expect direct economic advantages) because up to now forest managers are mostly not paid for non-market services.
Therefore, looking for direct economic advantages seemed essential to promote mixed forests.
The presence of environmental risk in forestry shows obvious parallels between issues of natural diversity and issues of diversification of financial assets. Figge (2004, p. 828 ) already pointed out these parallels on the basis of theoretical considerations and stated that this crucial finding is generally not acknowledged. The theoretical framework to evaluate aspects of natural diversity in forest management was provided by the classical portfolio theory (Markowitz, 1952) . While applying the portfolio theory to mixed investments of pure spruce (Picea abies (L.) Karst.) and beech (Fagus sylvatica L.) stands, we tried to quantify economic implications of the ecologically desired mixed forests. Spruce is an exotic tree species to most sites where it is grown, while beech would dominate the natural vegetation cover in Central
Europe. However, effects of small scale mixtures in stands comprising of many species are not addressed with this paper. The paper's character is rather methodologically oriented in order to stimulate discussion on "mixed forests" not only on an ecological but also on an economic foundation. But, we are sure that the findings of this study will in part also apply to small scale mixtures. Markowitz (1952) founded the portfolio theory, which was then further developed among others by Sharpe (1964) . The basic finding of Markowitz showed that investing in a combination of different financial assets may reduce the risk when compared to an individual investment of the same profitability. On the other hand, it may increase the profitability when compared to an alternative individual investment of the same risk. The relationship between combined investments and risk abatement or profitability increase is called "diversification effect".
Theoretical background
Indeed it is essential in which direction the markets of combined investments develop.
Intuitively, this becomes clear when considering the following three fictional examples:
• Firstly, imagine a combined financial investment in stocks of umbrellas and sun cream.
It seems very likely that this combination will effectively reduce risk. The sun cream business will boom in sunny years with only little precipitation. The umbrella market will however decline in such years. But during a cool and wet year the umbrella market grows while the sun cream market reduces. The market development of both products has an obviously great negative correlation, hence the financial returns on both investments are also negatively correlated. This situation will yield a systematic risk reduction even up to a risk of almost zero in a theoretical case.
• Secondly, consider a combined financial investment in stocks of umbrellas and rain coats. This combination will hardly reduce risk as the markets as well as the financial returns for both products are obviously vastly positively correlated. In this case a combination will yield the same results as an individual investment.
• Thirdly, we combine financial investments in umbrella and banana stocks. There are no reasons to assume that there is any correlation between the market developments for both products. This situation will also result a risk reduction since we will randomly have years in which the umbrella market will boom while the banana market declines and vice-versa.
Among information on correlation between the financial returns of combined investments, knowledge on their individual standard deviation is a precondition to assess the effectiveness of several combinations. The standard deviation expresses the dispersion of the expected returns indicating the degree of uncertainty connected with an investment (Pflaumer, 1992) . and Management 213(2005), S. 102-116 This measure is commonly used in order to quantify the risk of an investment. For the combination of two investments the following equation (Eq. 1) can be used to compute the standard deviation S of the total financial return R of a combined investment (e.g., Spremann, 1996 Correlation coefficient between the financial returns on investment 1 and 2
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The last term in (1) contains the covariance cov r1,r2 between the financial returns:
The total financial return R 1,2 of the portfolio consisting of two investments is:
The effect of different correlations between the financial returns of two investments combined in several compositions is illustrated with Figure 1 .
[ Figure 1 ] With more than 30 % of investment 2, the risk increases but less than proportional to the admixture of investment 2. With k r1,r2 =-1 this effect is further strengthened, and theoretically a risk reduction to almost zero can be achieved.
The forest plantation investment in a deterministic world
Predominantly, in order to determine the value of the soil and that of immature forest stands at a very early state forest scientists developed an investment calculus (e.g. Faustmann, 1849) .
For this purpose the net revenue flows involved with a forest plantation were all discounted to the point in time when the plantation is established. In order to compute the financial return two basic versions of the calculus are distinguished. At first, only one production period T is considered (Eq. 3) and secondly, all subsequent production periods are integrated (Eq. 4). T T is the time at which the stand will be harvested (production time)
Harvestings and average net timber prices were adopted from Knoke (2004) who employed data of growth simulations from two studies (Knoke, 2002, Felbermeier, not published) .
[ Table 1 ]
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All growth simulations and financial calculations were based on hypothetical stands of an area of 1 ha. Hence, 1 ha can be considered the minimum size of a species block to achieve the financial results on which the study is based. Rather conservative silvicultural treatments were assumed because growth modelling still created problems for projecting modern treatments. In the case of spruce thinning from below was applied concluding in a clear cut at the end of the production time. For beech the random selection treatment in Knoke (2002) was used, which also finished with a clear cut. Data on the amount of harvested timber are provided in Table 1 .
As for example Valsta (1998) and Knoke et al. (2001) pointed out, the majority of comparative studies in forest economics ignore the uncertainty of future net revenue flows and therefore the risk involved with forest management. Ignoring risk, typical net revenue flows for spruce and beech ( Figure 2 ) lead to a great financial superiority of spruce.
[ Figure 2 ]
Eq. 3 and these sequences of net revenue flows produce a financial return for spruce of 5,800 Euro (Eq. 4: 6,750 Euro), while beech merely yields 2,750 Euro (Eq. 4: 2,050 Euro). The relation of the financial return in favour of spruce is 2.1 : 1 or even 3.3 : 1, when applying Eq.
4. The reported results are obtained when applying only a small interest rate of 0.02 to evaluate the long-term investment in a forest stand. For example, Beltratti et al. (1996) demonstrated why a small interest rate is adequate for extremely long-term investments (consider also Heal, 1985 , Hampicke, 1991 , Price, 1997 . Assuming greater interest rates, the relation in favour of spruce would be even more pronounced. Hence, the result of this calculus easily explains why the range of spruce forests was extended far beyond their natural limits in Central Europe.
Sources of risk in forest management as an environmental problem
Growing trees is an extremely long-term investment in central Europe. Production times of 100 years and more are common. During its lifetime a forest stand is exposed to several risks. given period the probability with which the actual stand will be destroyed by windfall, snow breakage or insect attacks.
[ Figure 3 ]
[ Figure 4 ]
The hazard risks and the survival probability until a specific period j, form the following relationship (Eq. 5):
SP j Survival probability up to period j risk 1 , risk 2 , risk j-1 Hazard rates in several periods
(1-risk 1 ) Probability with which a forest stand will survive period 1 (transition probability)
Figures 4 and 5 were based on survival probabilities of either pure spruce or pure beech stands.
So far data on survival probabilities of stands, where species are mixed throughout the stands with varying proportions of the species, are scarce. Looking at the problem from the perspective of a mixed investment of pure spruce and pure beech stands in this paper allows for applying the single species survival probabilities. Also, it is not explicitly considered that thinnings might increase the risk of damages shortly after the intervention. However, merely moderate thinnings were simulated, which were common in bygone forest management and were also applied to those stands from which data were gained for deriving the survival probabilities.
Empirical analyses showed that once a stand has been destroyed by natural hazards only 50 % of the scheduled net revenue flow will be achieved when selling the wood (Dieter, 1997) .
Besides natural hazards also the volatility of the timber prices is a source of risk in forest management. Generally, timber prices may fluctuate dramatically over time (Brazee and Mendelsohn, 1988 , Haight, 1990 , Knoke et al., 2001 ). Figure 5 shows this effect for trunk wood prices achieved for spruce and beech in Bavaria.
[ Figure 5 ]
A synchronous development of timber prices for both species can be observed until 1979. But from 1980 onwards the markets for beech and spruce timber obviously developed in different directions. Analysing the correlation between the timber prices for those two different periods Agreement (ITTA) was signed. In 1986 the import of timber from tropical rainforests was boycotted. These trends increased the demand for German beech timber grown in sustainable managed forests, which presumably led eventually to the increasing timber prices for beech, while spruce timber prices decreased.
[ Figure 6 ]
A regression analysis for a linear function, which estimates the beech timber prices on the basis of the spruce timber prices:
yielded the parameters indicated in Table 2 .
[ Table 2 ]
The analysis excluded the year 1991 as an outlier, as these prices were severely influenced by an exceptional hurricane in 1990.
Because the correlation between achievable timber prices can be relevant for the financial returns, a differentiation between the two Market Models seemed essential for the following analysis.
Monte Carlo simulation as a methodological technique to consider environmental risk
Harry Markowitz initiates in his famous 1952-paper by describing the fundamental structure of portfolio selection: "The process of selecting a portfolio may be divided into two stages. The first stage starts with observation and experience and ends with beliefs about the future performance of available securities. The second stage starts with the relevant beliefs about future performance and ends with the choice of portfolio." (Markowitz, 1952) . The uncertainty of the future, particularly, has a great impact on long-term forestry. Forest managers' decisions must rely on expectations on future development. But the expectations should be based on sound information. Although it is impossible to predict the future development of growing Because of the already described sources of risk in forest management, the future development on financial returns will greatly be influenced stochastically. Monte Carlo simulation is a technique widely used to reflect the effects of stochastic processes (Yool, 1999 , Runzheimer, 1999 , Waller et al., 2003 . With this technique random samples are artificially produced through generating random numbers.
Using this technique we simulated 1,000 random samples ( Table 2 , while employing the simulated timber price of spruce as the independent variable. The deterministically predicted beech timber price was then corrected with the generated stochastic deviation. The beech-price stochastic variability was based on the root mean square error obtained from the regression analysis (Table 2 ). As seen in Figure 5 b for the price scenario No. 500 the price simulation process ignored the climbing trends within the original price data for spruce and particularly beech (Figure 5 a) . After simulating an actual stochastic timber price for each species the typical, risk ignoring net revenue flow illustrated in Figure 2 was adjusted by the quotient: simulated stochastic timber price divided by the expected mean timber price.
Moreover, the individual hazard rate was integrated in the Monte Carlo simulation. It was used as the expectation value of a binomial distribution in order to generate the random numbers 0 and 1. The '1' indicated the destruction of the stand, the '0' its survival, while the frequency of destruction corresponded to the hazard rate of Figure 4 . Once a stand was destroyed merely 50 % of the previously simulated net revenue flow was employed to compute the financial return.
The initial payout for establishing the forest plantation was also considered a random variable subject to a standard deviation of ± 20 %.
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Baseline simulations considering identical production times
For both tree species an identical production period of 100 years was investigated. The integration of risk in the economic evaluation of both species produces a great dispersion of the net revenue flows (Figure 7 ), which describes simulations based on Market Model 1 (weak negative correlation between timber prices). Particularly the most profitable harvest at the end of the production time, yield highly variable net revenue flows. Natural hazards show a great influence here by decreasing the scheduled net revenue flow for spruce from 33,200 to on average 24,500 Euro (standard deviation ± 13,800). The final net revenue flow of the less risk sensitive natural tree species, beech, is merely reduced from 27,400 to 24,400 Euro (standard deviation ± 8,600). A combined investment of 50 % spruce and 50 % beech, yields almost the same mean net revenue flow with a more than proportionally reduced standard deviation of merely ± 8,100.
As Table 3 shows, the integration of risk improved the relation of the financial returns from spruce and beech, which was 2.1 : 1 when ignoring risk, to 1.7 : 1. The standard deviation of an investment in beech (± 1,500 to ± 1,600 Euro/ha) was substantially lower compared to that of an investment in spruce (± 2,300 to ± 2,400 Euro/ha).
Considering the correlation between the net revenue flows for each period put forth a strong overlaying effect of the natural hazards (Table 4) , which seriously attenuates the correlation of net revenue flows. Stochastically occurring events like natural hazards may obviously weaken the correlations between net revenue flows. When, for example, a spruce stand was destroyed by natural hazard at an age of 60 years but the beech stand survived a young spruce stand was re-established. The beech stand was then 60 years old, while the age of spruce was zero.
Because spruce will not generate substantial net revenue flows for the next 40 years, timber price correlation between spruce and beech do no longer affect the net revenue flow correlation. This effect of natural hazards is the reason why the financial returns are either weakly positive (Market Model 1) or not at all correlated (Market Model 2) ( Table 3 ). The described weak correlation of net revenue flows occurred although the timber price correlations integrated in the simulations were much stronger.
However, even a zero or a weak positive correlation between net revenue flows produce risk attenuation, when compared to proportional risk increase of several mixtures (Figure 8 ). In 
Effect of time diversification
In central European forest management it is not common to use the same production times for spruce and beech. Normally, a shorter production time is applied to spruce (mostly 100 years) and a longer time period is chosen to manage beech (usually 120 years). In the following, the effect of diversifying production times is analysed.
In order to consider the unequal production times (rotations) Eq. 4 should be applied rather than Eq. 3 to compute the financial return. But for the purpose of simulation this Equation is not convenient, as it is a static formula considering only the one period T (production time).
Constant net revenue flow sequences in every period are the precondition to calculate the financial return properly according to Eq. 4. Because we are analysing especially stochastic and not constant net revenue flows, we approached an unlimited time horizon by simulating 50 periods (500 years) using Eq. 3. The difference between Equations 3 and 4 becomes negligible, when considering such a long period of time (see e.g. Dieter, 2001) . Hence, during the simulation over 500 years the different production times for spruce (100 years) and beech (120 years) were considered.
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Diversifying the production times between spruce and beech eliminates the effect of different Market Models. The final harvests now occur in different years and the timber prices are therefore uncorrelated. As Figure 9 demonstrates, no difference between the models can be observed when spruce is managed with a production time of 100 years, while beech is grown for 120 years. A minimum of risk can be found when combining 20 % of spruce with 80 % of beech. This forest portfolio bears only 50 % of the maximum risk, while only 61 % of the maximum financial return is achieved.
Effect of an increased natural hazard risk
Climate scenario analyses in forest science show that the growing conditions for spruce will deteriorate, if the global warming continues (Pretzsch and Utschig, 2000) . Worse growing conditions (for example lower water supply) will also increase the risk involved in spruce management. In this paper the effect of an increased risk is analysed based on data published
by Möhring (1986, p. 65) . This data is characterised by a survival probability of merely 0.53 for spruce at an age of 100 years, while the standard simulations were based on a value of 0.75.
The increased hazard risk scenario was applied to the simulations with different production times (spruce 100 and beech 120 years) over 50 periods.
A higher risk diminishes the financial return of spruce from 5,500 to 4,400 Euro/ha with an increased standard deviation (± 2,450 instead of ± 2,100 Euro/ha). This effect makes beech management more profitable in relation to spruce management. Similar to the previous simulations, a minimum of risk can be achieved with 20 % of spruce and 80 % of beech ( Figure 10 ). With this combination it is still possible to obtain more than 70 % of the maximum financial return. Almost 80 % of the maximum financial return is reached with a mixture of 40 % spruce and 60 % beech at a risk of merely 50 % of the maximum. The increased risk for spruce management makes the combination with beech even more effective.
Measuring the utility of mixed forest management
The utility people obtain from specific financial returns does not only depend on their magnitudes. Also the risk involved with the investment is relevant. Often, a great dispersion (high standard deviation) of financial returns diminishes the utility, which is gained from an investment. In order to quantify this effect, a simple function (Eq. 7) can be used estimating the The expected financial return is reduced proportionally to the dispersion of the financial return.
A reduction of the financial return is correct, if a risk-averse decision-maker is considered. He would prefer a financially secure return rather than one subject to dispersion (uncertainty), when comparing identical expected values. The risk-costs derived were based on a negative exponential utility function. When introducing the risk dependent reduction of the financial return, the function becomes an approximation for the certainty equivalent of the decisionmaker, valid for small α (Gerber and Pafumi, 1998, p. 77 ). This function is often employed to characterise the preferences when comparing specific investments with a given financial return and standard deviation (see Spremann, 1996 , Dieter, 1997 , Weber, 2002 .
Risk-aversion, implicitly presupposed in Eq. 7, can usually be observed as the choice used by most people. Gamblers, of course, show a different attitude towards risk. They generally appreciate a great dispersion of financial returns because of the chance of an unexpectedly great financial return. The constant α in Eq. 7 describes the degree of risk-aversion of the decision-maker. It is considered normal that people have an α -value around "1/original assets" (Spremann, 1996, p. 502) . To integrate the expected attitude towards risk for the extremely long-term investments in forestry α -values of "1.2/original assets" (risk-averse) and "2/original assets" (very risk-averse) were applied.
The maximum initial investment for the forest plantation was used to estimate the α-value. It Before computing the utility-indices, the problem of unequal initial investments for spruce and beech stands had to be solved. When establishing a pure spruce stand the initial investment was 1,000 Euro/ha less than compared to a pure beech stand. To be able to compare alternatives an identical initial investment must be considered. Therefore, it was assumed that in the case of spruce only 2,000 Euro/ha are invested in forestry while 1,000 Euro are invested alternatively in a low-return, risk-free asset at an interest of 2 % (this was assumed as the internal rate of return using the best alternative for an extremely long-term investment). This assumption is discussed in the "Discussion and conclusions" section of the paper. Thus, the proportion of the forest investment is 6 6 . 0 (as 000 , 3 6 6 . 0 ⋅ results 2,000) for the establishment of a pure spruce stand, while the proportion of the alternative investment is ) 6 6 . 0 1 ( − . By definition, the net present value of an investment is zero, if the initial payout is invested at the internal rate of return of the investment. This proves true because among various interest rates, the internal rate of return can be found, when the net present value of the investment becomes zero. Also the risk of the alternative investment was assumed as zero. As a consequence of this consideration, the expected financial returns and the risks remained unchanged but were always evaluated as results of an initial investment of 3,000 Euro.
The different scenarios analysed in this paper do not result in the same utility-index curves ( Figure 11 ). When relying on the scenario with an increased risk for spruce management (50 periods, high risk) the decision-maker would obtain the maximum utility from a mixture of the forest investment with a considerable beech component (70 % spruce and 30 % beech, Figure   11 , a). Considering an identical production time (10-period scenarios) with a normal riskaversion, a combination of 90 % spruce and 10 % of beech stands would be chosen regardless of the Market Model applied.
If the decision-maker's attitude towards risk is very averse, his mixed forest investment should contain at least 30 % of beech forests (Figure 11 , b). He should either establish beech forests at 30 % (10-period scenarios) or even at 50 % of the area (scenario 50 periods, high risk) to obtain the maximum utility.
Discussion and conclusions
While analysing an ecological concept from an economic viewpoint, which is transferable to the general idea of natural diversity, we intended to arouse interest in the ecologically oriented reader to evoke intensified future cooperation.
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The results of this paper provide strong economic arguments in favour of the ecological concept "mixed forests", if the mixed investment problem is analysed from the perspective of a risk-averse decision-maker. A proportion of 30 % beech would by no means achieve less than 97 % of the maximum economic utility. When natural diversity is considered analogous to these positive economic results of "mixed forests", natural diversity of ecosystems should generally also render economic advantages (e.g. Figge, 2004) . Facing an uncertain future as a severe environmental problem, the ecologically desired participation of natural tree species in forest management is therefore advisable even from an economic point of view, albeit native tree species may produce substantially smaller financial returns. While the ecological concept of mixed forests is very old, so far no study could demonstrate so clearly economic advantages of mixed forests.
On a scientific basis the theory of portfolio was first applied to forestry in central Europe by Weber (2002) . Weber based his study on a completely different approach. He did not consider the establishment of mixed forests. While ignoring hazard risks he preferred to consider perfectly sustainable composed model forests of each tree species, which could be bought or sold on an unlimited scale. This assumption is not realistic because firstly, no perfectly sustainable composed real forest exists (Möhring, 1986) . Secondly, forests consisting of the desired tree species cannot be bought and sold on an unlimited scale. Indeed, Weber's study was very valuable for European forest economics, whereas the approach in our paper seems to be more realistic. In forest practice a change in the tree species composition will only be achieved through the establishment of young stands.
Moreover, Weber (2002) pointed out that the forestland investment as a whole is an excellent component of a larger portfolio of investments particularly in the USA. This fact was used by one of the reviewers who criticised a low-return, risk-free investment considered as the alternative investment as not realistic. He pointed out that landowners would rather invest in a larger portfolio. Using a risk-free interest rate for calculation is, however, a method widely used in forest economics. An alternative would be to maximise the internal rate of return of mixed investments. In the German economics literature the method of calculating the internal rate of return for investment decisions is heavily criticised from the perspective of investment theory (Schmalen, 2002, p. 575) . For our two species the method of internal rate of return would assume that all net revenue flows would be invested just at the internal rate of return of the individual species. An assumption also to be considered as unrealistic. Our intention was rather to provide a methodological step on applying financial theory to mixed forests in order to stimulate discussion. We are aware that this step is not perfect, although it is, despite its imperfections, already able to support a better decision making on long-term forestry investments.
Our approach did also not consider the increase in managerial flexibility when growing more than one tree species. The timber harvesting can be intensified in beech stands when the spruce timber price is low and vice versa. In this paper we assumed a fixed time structure of the silvicultural interventions regardless of the timber price. The improved managerial flexibility can be expressed by the option value (e.g., Zinkhan, 1995 Basically, we feel that the findings of this paper will also apply to small scale mixtures.
Although, we expect disadvantages with regards to "economies of scale" when mixing species throughout the stands, positive effects are likely. For example, reduced re-forestation costs will occur after a natural hazard, which just affected one species in a mixed forest stand.
Combining the strong economic advantages of the ecologically oriented concept "mixed forests" and its ecological advantages (e.g., Rothe, 1997 , Rothe and Binkley, 2001 , Rothe et al., 2002 , Zhong and Makeschin, 2003 , the idea "mixed forests" should become a general strategy in environmental decision-making in forestry.
Supported by the results obtained, the hypothesis:
"From an economic point of view the possible risk abatement for risk-averse investors to be achieved by mixed forests does not justify the decrease in the profitability involved.", can now clearly be rejected. 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 
